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ABSTRACT

Ridgetoppinecommunitiesof the southemAppalachianMountains havehistorically beenmaintainedby lightning- and human-caused
fires. Becauseof fire suppressionfor severaldecades.thesestandsare entering later seral stages.Suchstandstypically haveanoverstory
of Table Mountain pine (Pinus pungens)that is being replaced by shade-tolerantchestnutoaks (Quercusprinus). The shrub layer
consistsof densemountain laurel (Kalmia lorifolia). Previous researchsuggeststhat restorationof thesecommunitiescan be accom-
plished with high-intensity fires that openthe forest canopyand exposemineral soil. Three recentstudiesexaminedplant-community
responseto high-intensityprescribedfires. A seriesof four supportingstudieshelpsto explain some of the resultsof thesefield studies.
High- and medium-high-intensityfires provided adeauatesunlightfor pine seedlings,whereasmedium-low- andlow-intensity fires did
not. Post-burn duff was deep i<5 cm) and did not vary by fire intensity. We observedsufficient seedlingdensities to restorepine-
dominatedstands (<9.000/ha) after all but the highest intensity fires. Many seedlingssur\’ived the first growing seasonas their roots
penetrateddufi to reach mineral soil. Hardwood rootstocksresproutedon sttes treatedwith all fire intensities and may out-compete
pine seedlings.High-intensity fires may have reducedmvcon-hizal abundanceand moisture availability for new germinants.Fires of
lower intensity than previously recommendedor multiple fires ol very low intensity may provide the bestconditions for pine regen-
eration.
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Table Mountain pine.
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INTRODUCTION

The southernAppalachianMountains have lone
beenappreciatedfor their diversity of plantsandplant
communities.Many factors havebe~nresponsiblefor
establishingand maintaining this diversity, including
a mosaicof soils,aspects,elevations,weatherpatlerns.
and disturbanceregimes. However, a key factor for
severalcommunitieshas beenmissing for severalde-
cades:large-scalefire. Lightning- and human-caused
fires haveplayed a significant role in the evolutionof
southern Appalachian plants and plant communities

(Van Lear and Waldrop 1989). Fire suppressionpoli-
cies on public lands havelikely reducedthe diversity
of the southern Appalachian Mountains and may
threalenthe ex~slenceof someplantsandcommun~tes.

A species01 concernis TableMountainpine.This
shade-intolerantAppalachian endemic occurs from
central Pennsylvania to northeasternGeorgia. It is
found on thin, dry soils with southernand western
aspects,and at elevations of 300 to 1,200 m (Zobel
1969). Serotinouscones,which are found in the spe-
cies throughoutits range,suggestthat fire is neededto
regenerateTable Mountain pine. Microsite conditions
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neededfor seedlingestablishment,suchas highlevels
of sunlightandlittle or no litter or duff, are similar to
thosecreatedby high-intensity fire. Sutherlandet al.
(1995) found a Table Mountain pine community in
Virginia that was maintainedby major fires occurring
approximatelyevery 10 years until the l940s, which
was probably when fire suppressionefforts became
successfulin the area.

Stands in which Table Mountain pines occur
throughout the region are entering late seral stages.
Suchstandsare often dominatedby oaks,particularly
chestnutoak and hickories(Carya spp.) (Zobel 1969,
Turrill et al. 1997). This pattern indicates that the
short-lived,shade-intolerantpines will be replacedby
the longer-lived, shade-toleranthardwoods if some
form of regeneration,such as stand-replacementfire,
doesnot occur. As a result of changingspeciesdom-
inanceandstandstructure,TableMountainpinewood-
landsare recognizedby the SouthernAppalachianAs-
sessmentas one of 31 rare communitiesin the south-
ern AppalachianMountains(SAMAB 1996).

Most researchon the role of fire in TableMountain
pine standshas beenlimited to post-wildfire studies.
which suggestthat high-intensity prescribedfires are
neededto remove the forest canopyand exposemin-
eral soil for successful regeneration.Zobel (1969)
found that serotinousconesopenedin lightly burned
areas, but that seedlings survived only where fires
killed overstory trees and erosion exposedmineral
soil. Likewise, Sanders(1992) observedthe greatest
proportion of Table Mountain pine seedlingsin high-
and moderate-intensityburn areas,where the canopy
was open and mineral soil exposed.Williams and
Johnson(1992) found that seedswereabundanton the
ground in lightly disturbed standswhere no fire oc-
curred. However, seedlingswere successfulonly on
microsites with thin litter layers (<4 cm) and where
the canopywasmoreopenthan in surroundingstands.
Such microsites usually were createdby ice storms
(Williams 1998).

Williams (1998) suggestedthat Table Mountain
pine standsare in declineasa result of fire suppression
and inadequateunderstandingof the speciesregener-
ation biology. The needto use high-intensity, stand-
replacementprescribedburning is suggestedby the
combination of serotinouscones,shade-intolerant
seedlings,and requirementof bare soil for germina-
tion. However, accomplishingtheseburns is difficult.
Such prescriptionscreatea narrow window of oppor-
tunity and raise questionsabout worker safety and
smoke management.To date, only threestudieshave
conducted prescribedburns to better understandthe
conditionsnecessaryfor Table Mountain pine regen-
eration. Together, thesethree studiesexamine com-
munity responseto varying degreesof fire intensity.
as well as seedlingestablishmentin variousmicrohab-
itats. This paperexaminesthe resultsof the threepre-
scribedfire studies(Turrill 1998, Waldrop and Brose
1999, and one study presentedhere) and four sup-
porting studies(presentedhere) of regenerationecol-
ogy to evaluatethe needfor high-intensity, stand-re-
placementfires for regeneratingTable Mountainpine.

CURRENT RESEARCH ON STAND-
REPLACEMENT PRESCRIBED
BURNING

Stand-replacementprescribed burning has been
studied at three separateburn units in the southern
AppalachianMountains: the GrandfatherRangerDis-
trict, PisgahNational Forest,North Carolina; the Tal-
lulah RangerDistrict, ChattahoocheeNationalForest,
Georgia;and a burn unit in South Carolina managed
by both the Andrew PickensRangerDistrict, Sumter
National Forest, andthe Buzzard’s RoostPreserveof
the South CarolinaHeritageTrust Program.In this pa-
per, theseburn units will be referredto as the Grand-
father, Tallulah, and Buzzard’s Roost burns,respec-
tively. The Grandfatherburn waspreviouslydescribed
by Turrill (1998)andWelch et al. (2000).The Tallulah
burn wasdescribedby WaldropandBrose(1999).The
burns conductedfor all three studiesvaried in their
effects on opening the forestcanopyandremovinglit-
ter and duff. Comparisonsof thesefield studiesallow
an e\’aluation of the amount of Table Mountain pine
regenerationundernaturalconditions.

Several supporting studiesprovide insight to dis-
turbancehistory and methodsof evaluatingstandsfor
their potential of regenerationsuccess.Waldrop et al.
(1999) conducteda greenhousestudy to evaluatethe
effects of shadeand duff on seedlingestablishment.
Ongoing studies include the dendrochronologyof
ridgetoppine standsacrossthesouthernAppalachians,
seedbiology of TableMountainpine, andmycorrhizal
associationsin burnedTableMountainpine stands.We
discussthe preliminaryresultsof eachstudy.

Fire Intensity and StandReplacementof Table
Mountain Pine

The Tallulab burn occurredon the War Woman
Wildlife ManagementArea of the TallulabRangerDis-
trict. ChattahoocheeNationalForestin northernGeor-
gia. Prior to burning, meantotal basalarea in study
standswas 28.2 m2/ha.Hardwoodscomposed22.7m2
of this total and pines the remaining5.5 in2. Chestnut
oak was the predominanthardwood and almost all
pineswereTableMountainpine.USDA ForestService
personnelconducted a stand-replacementprescribed
fire on a 345-ha unit in April 1997. The burn area
included sharpridgetopsand steepslopeswith north-
easternor southwesternaspects.The fire was ignited
by hand and by helicopter to createa ring fire that
reachedgreatestintensitywithin ridgetopTableMoun-
tain pine stands.Fire intensityrangedfrom subcanopy
ground fires to crown fires carrying from treeto tree.
The Tallulah burn was sufficiently largeand its inten-
sity was sufficiently variableto allow comparisonsof
regenerationsuccessamongareasburned at different
intensities(Waldrop andBrose 1999).

The Buzzard’sRoostBurn occurredon a tractcon-
sisting ol approximately100ha managedby the South
Carolina HeritageTrust Program and 45 ha managed
by the Andrew Pickens RangerDistrict, SumterNa-
tional Forest.Prior to burning, meantotal basal area
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Table 1. Characteristicsof Table Mountain pine standsin the southern
replacementprescribedburning.

AppalachianMountainsduring the year following stand-

Variable Fire

Fire intensity

Low Medium-Low Medium-High High

Pine basalarea(m2/ha)

Hardwoodbasalarea (m2/ha)

Total basalarea(m2/ha)

Hardwoodsprouts(no./ha)

Pine seedlings(no./ha)

Tallulah~
Buzzard’sRoostt
Grandfather
Tallulah
Buzzard’sRoost
Grandfather
Tallulab
Buzzard’sRoost
Grandfather
Tallulab
Buzzard’sRoost
Grandfather
TalIulah
Buzzard’sRoost
Grandfather

5.9
8.4

16.8
11.8

22.7
19.2

32,150
20,553

13.852
551

1.1
00

0.5
7.6

1.6
7.6

26,590
17,505

9,016
961

0.0

1.0

1.0

31,537

3,448

6.0
6.4

21.6
5.1
4.2
4.3

11.1
10.8
25.9

37,371
25,582
2,295

22,551
995

7,699

‘Tallulab RangerDistrict, ChattaboocheeNational Forest,Georgia(Walorop and Brose1999).Prescribedfire in April 1997.
Andrew Pickens RangerDistrict. SumterNational Forest, and Buzzard’s RoostPreserve,SouthCarolina HeritageTrust, SouthCarolina.

Prescribedfire on 4 March 1998.
GrandfatherRangerDistrict, PisgabNational Forest,North Carolina (Welch etal. 2000). Prescribedfire in May 1996.

in study standswas 21.0 m2/ha.Hardwoodsmadeup
10.9 m2 of this total andpines the remaining10.1 inC.

Chestnutoak was the predominanthardwoodand al-
mostall pineswereTable Mountainpine. Personnelof
the USDA ForestService,South CarolinaDepartment
of NaturalResources,and the South CarolinaForestry
Commissionconductedthe burn on 4 March 1998.
The exterior of the unit was hand-firedto widen fire
lines. Aerial ignition, using a plastic spheredispensex,
beganmidway up eachof two south-facingslopesto
produce crown fires along ridge tops. Fire intensit\
ranged from subcanopyground fires to flame lengths
reachingthe lower levelsof the standcanopy.

The Grandfatherburn was a 3-ha prescribedfin
on the GrandfatherRangerDistrict, PisgahNational
Forest.Mean total basalareawas 32.3 rn2/haprior to
the burn. Hardwoodscomposed8.7 m2fha, and pines
23.6 m2/ha. Blackgum (Nvssasvlvazica)was the pre-
dominant hardv.’ood. The pine componentwas 5l9~
Table Mountain pine,39% pitch pine (P. rigida), and
10% Virginia pine (P. virginiana). USDA Forest Set.
vice crews used a combinedring and headfire tech-
nique to burn the stand in May 1996.Flamesreached
to lower limbs on most treesand enteredthe canopy
on a small portion of the stand.

The prescriptionsapplied in these studies pro-
duced four fire intensities defined by Waldrop and
Brose (1999): low, medium-low, medium-high, and
high.All intensitieswereobservedin the Tallulahburn
and all but high intensity was observedin the Buz-
zard’s Roost burn. At the Grandfatherburn, only the
medium-low intensity was observed. Waidrop and
Brose (1999) gavea detaileddescriptionof how dis-
criminant functionswere usedto classify fire intensity.
lntensity categoriesgenerallycan be describedas fol-
lows: 1) Flamesof low-intensity fires never reached
into thecrown of treesanduniformly burnedthe area.
2) Medium-low-intensity fires hadflames slightly tall-
er than thoseof low-intensity fires; they burnedless

uniformly and produced hot spots where flames
reached into crowns andkilled large trees. 3) Flames
of medium-high-intensityfires typically reachedinto
the crownsof all overstorytrees.4) flames of high-
intensity fires generally exceededthe crownsof over-
story treesand carried from crownto crown.

High-intensity fires occurredonly in the Tallulah
burn wherethey killed nearlyall overstorytrees,leav-
ing only 1.0 m2 of basal arealha(Table I). Medium-
high-intensity fires occurred at Tallulah and Buzzard’s
Roost.Thesefires were also effectiveat killing over-
story trees,leaving only 1.6 and 7.6 m2fha of basal
area, respectively. Mortality was high acrossall di-
ametersize classesfollowing bothhigh- andmedium-
high-intensity fires. Sunlight reachingthe forest floor
may havebeenadequatefor seedlingsurvival follow-
ing fires of both intensities.High- and medium-high-
intensity fireswere the only onesof sufficientintensity
to kill enoughof the overstoryto achieveco~d~tions
of standreplacement.

Medium-low- andlow-intensity fires reducedcan-
opy cover (Table 1), but residualbasalareamayhave
been too high in all threestudiesto allow standre-
placement.Medium-low-intensity fires reducedbasal
area to 11.1 m2/ha at the Tallulah burn and 10.8 in2,

ha at the Buzzard’sRoostburn,but left 25.9 m2/ha at
the Grandfatherburn. Low-intensity fires hadlittle ef-
lect on basal area, leaving 22.7m2Iha at the Tallulab
burn and 19.2 m2 at the Buzzard’s Roostburn. Mor-
tality was greatestin lower diameterat breastheight
(dbh) classes(<15 cm dbh) following fires of medi-
um-low and low intensity.Shadefrom surviving trees
after low- andmedium-low-intensityfiresmay prevent
pine seedlingsurvival.

Prolific hardwoodsproutingwasobservedfollow-
ing fires of all intensities(Table 1). Generally,under
all fire intensitiestherewere >20,000stems/ha1 year
after burning, and they were growing rapidly (>1 in

tall after I growing season).Competition from these
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sproutsmay eliminateany pine regenerationafter afire
of anyintensity.This result suggeststhat multiple low-
intensity fires may be necessaryto reducehardwood
abundancewhile maintaining a seed source among
largepines.

Post-burncountsof TableMountainpineseedlings
in theTallulah andGrandfatherbumssuggestthat fires
were of sufficient intensity to open serotinouscones
throughoutburn units, even in areasburned at low
intensity.Post-burnpine densityrangedfrom 3,448to
>22,500 stems/ha(Table I) in these two units. An
unexpectedresult was that the lowest pine densitiesin
the Tallulah burn were in areasburnedat the highest
intensity.This suggeststhat coneswere consumedor
seedskilled by intenseheat, or that the seedbedbe-
cameless suitabledue to excessiveexposureto sun-
light andevaporation.

Although plots in high-intensity burn areashad
fewerseedlings,if they werewell dispersed.the 3.44 -

seedlings/hapresentin thoseareasshouldcreatepine-
dominated stands. However, Table Mountain pine
seedlingswere found at only 51% of the sampling
points,indicating that portionsof burnedareashadno
pine regeneration.Hardwoods will likely dominate
such areas.Plots in areasburned at medium-highin-
tensityalsoindicatedlow pine stocking(64%). if seed-
lings receive sufficient sunlight, pine density and
stocking levels in thoseareasburnedat low and me-
dium-low intensities should be sufficient to create
pine-dominatedstands.

TableMountain pine regenerationwaspoor at all
fire intensitiesobservedin the Buzzard’sRoost burn.
Poorregenerationsuccesscould be causedby a num-
berof factors including thick residual duff or lack of
viable seed. Duff layers after burning at Buzzard’s
Roostaveragedonly 4.4 cm deepanddid not vary b~
fire intensity. Duff remainingafter the Tallulah burn
was generally deeperwith 5.3, 3.8, 6.4, and 6.6 cm
for the low-, medium-low-, medium-high-.and hig ~-

intensity fires, respectively.The percentageof seed-
lings with roots penetrating mineral soil at Tallulah
was 71.1, 94.6. 63.0. and 56.1 fo’ the sameorder of
fire intensities(WaldropandBrose 1999). Welch et al.
(2000) observedpine regenerationon approximately
9.1 cm of combinedlitter and duff after the Grandfa-
ther burn. Successfulregenerationof Table Mountain
pine on the thicker duff layers found in the Tallulah
and Grandfatherburns may indicate that low regen-
erationcountsat the Buzzard’sRoostburn are a result
of lower availability of viable seed.Methodsfor esti-
mating seedviability prior to burning are currently un-
availablefor Table Mountainpine stands.

SupportingStude~

SeedBiology

In the past.studiesof prescribedburning assumed
an adequateseed source that did not vary among
standsor standconditions. Any regenerationfailures
could havebeencausedby an inadequateseedsource.
A studyby Gray et al. (2002) helps to identify stands

Table2. Percent viability of Table Mountain pine seed by tree
ageand cone agewithin a free, southernAppalachianMoun-
tains.

Tree age class(years)

Cone age

5 yearsAll ages2 years 3 years 4 years

5—10 8 23 1 — —

11—25 20 32 41 23 27
26—50 33 11 24 56 31
51—75 29 20 34 36 30
75± 29 13 54 39 33
All treeage classes 24 21 34 36

that have an adequateseed source for regeneration.
This study will help managersdeterminethe abun-
danceand viability of seedfrom a rangeof tree ages,
as well as from conesof different ages.Resultsindi-
cate that seed viability was moderate,generallybe-
tween20% and50 c. from conesof all agesand from
treesolder than 10 years (Table 2). Viability did not
appearto vary by age after trees reached 10 years.
However, viability seemedto increaseas conesma-
tured to 4 or 5 yearsold. Theseresults indicate that,
if conenumbersare adequate,standsovera wide range
of agesmay be consideredas candidatesfor burning.
A surprisingresult is the presenceof coneswith viable
seedon young trees.Treeswithin the 5- to 10-yearage
class had 3-year-old cones with 23% seed viability.
This result suggeststhat Table Mountain pines are
adaptedto regeneratingunderregimesof low-intensity
fires, which may occur every 5 to 10 years. These
resultsalso indicate that if frequentlow-intensity fires
are used,that viable seedwill becomeavailableevery
2 to 3 yearsaslong as fires do not kill overstorypines.

SeedbedHabiiar

In order to assessseedlingestablishment,Waldrop
et al. (1999) conducteda greenhousestudythat used
shadeandduff treatmentcombinationssimilar to thosc
observedin the field. Duff categoriesincluded depths
of 0, 5, and 10 cm: and shadelevels included 0%.
30%,63%,and 85% shade.TableMountainpine seeds
werecollected on the ChattahoocheeNational Forest,
adjacentto the Tallulah burn. Soil and duff were col-
lectedfrom the Buzzard’s Roostburn unit soonafter
burning. Seedswere germinatedand allowedto grow
under thesecondittons for 3 months.We compared
survival of seedlingsgrown in the greenhouseto field
seedling survival in the burn describedby Waldrop
and Brose (1999).

Stem density typically was greater in 5-cm dufi
than in baresoil or 10-cm duff (Figure1). Thispattern
remainedconstantbr all shadecategoriesexceptthe
0%-shadecategory. In 0% shade, stem densities in
pots with 5-cm duff were equal to stem densities in
potswithout duff. Without shade,the mulching effect
of a 5-cm duff layer may not havebeen adequateto
preventmoisture deficit and seedlingdeath.

Lack of shadereducedseedgerminationand the
survival of germinants.while heavy shade reduced
survival; more seedlings become establishedunder
30% shadethan under full light or the higher shade
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Fig. 1. Table Mountain pine seedlingdensity per pot afier a
90-day greenhousestudy to assessseedlingestablishmenttoi
all combinationsof shadelevel and dufi depth.

levels. This patternwas constantamong pots with 5-
and 10-cm duff but differed amongpots with no duff
(Figure 1). With no duff, fewer seedlings/potoccurred
under 30% shadethan underno shade,although this
difference was not significant. Without the mulching
effect of duff, 30% shademay not be adequateto pre-
vent moisture deficit.

If germinationandsurvival in the field follow the
same patterns as in the greenhouse,thesedataprovide
a partial descriptionof seedbedconditionsnecessary
to establishTable Mountain pine. Because of differ-
encesin studydesigns,field resultsshown heredo not
provide a direct comparisonto greenhouseresults.
However. results of the two studiesare similar. In the
field, stem numbers did not vary signilicantlv at dif-
ferent duff depths within a shadecategory(Figure 2i
Seedlingnumberswere not significantly diflerent be-
tween low- and medium-shadecategories,but both had
significantly more stemsthan did the high-shadecat-
egory. Under high shade, stem density was <2.500
seedlings/haat all duff depths, probably too iew to
adequatelyregeneratea stand. Stem numbersin me-
dium and low shaderangedfrom 7,470/habr medium
shadewith >7.5 cm of duff to >27.000stems/haundei
mediumshadeand4.0 to 7.5 cm of duff. Eachof these
stemdensitiesprobably exceedsthe minimum needed
to regeneratethe stand.

The moderatelevels of shade and duff that this
study suggestsare optimum seedbedhabitat difier
somewhatfrom previousrecommendations.Although
the exact fire regimesnecessaryto createthis type 01
habitatare unknown, theseresultsdo not suggestthai
a singlehigh-intensityfire is mandatory.Multiple ioxx -

er-intensitynrescould maintain an ox’erstorv and seed
sourcewhile reducingthe duff without exposingmin-
eral soil.

Fire Jrnensirv and Mycorrhizae

The needfor mvcorrhizaeis generallyacceptedfor
southernpine seedlingsgrown in nurseries,but it has

Shade
Category

Fig. 2. TableMountain pine seedlingdensity in the Tallulah
(Tallulab RangerDistrict, ChattahoocheeNational Forest,Geor-
gia) and Buzzard’s Roost (Andrew Pickens Ranger District,
SumterNational Forest, SouthCarolina,andBuzzard’sRoost
Preserve,South CarolinaHeritageTrust) burn unitsat the end
of one growing seasonfor all combinationsof shadeand dufi
depthcategories.

not been studied for non-timberspeciessuchas Table
Mountain pine. Both ectomycorrhizaeand vesicular—
arbuscularmvcorrhizaemay be necessaryfor survival
of TableMountainpine seedlings,but their respective
roles in Table Mountain pine regeneration and their
responsesto high-intensityfires havenot beenconsid-
ered.Neary et al. (2000) suggestedthat fire intensity
stronglyaffects the degreeanddurationof reducedsoil
microbial activity. Neary et al. (2000) also suggested
that after a period of low activity, microbial popula-
tions increasein areasburned at high intensity to a
level much higherthan in unburnedareas,or in areas
burnedat low intensity.This patternmay suggestthat
Table Mountain pine seedlingswill not develop for
some time after high-intensity burning, but that they
may eventuallybenefit from increasedmicrobial pop-
ulations. If so, prescribedburns shouldbe conducted
far enough in advanceof spring germinationto allow
thesepopulationsto recover.

Ellis et al. (2002)examinedthe relationshipof fire
intensity to inycorrhizal developmenton TableMoun-
tain pine roots. One- andtwo-year-oldseedlingswere
collected on plots establishedafter the Tallulah burn
(Waldrop andBrose 1999). Seedlingroot biomasswas
quantified: ectomvcorrhizal root tips were character-

ized: and ectornvcorrhizal root tip presencewas com-
paredby seedlingageandfire intensity,in a laboratory
examination.ectomvcorrhizalroot tip formation was
comparedamong seedlingsgrown in media exposed
to a range ot temperaturesthat could be found in a
prescribedburm

Resultsindicates thatPisolithus tinctorius, Suillus
granularus. and Cenococcum spp.arethe predominant
symbionts that form mycorrhizal root tips in Table
Mountain pine stands.Two yearsafter burning, seed-
lings growing in areasburnedat medium-lowandme-
dium-high fire intensitieshad twice as many mycor-

30%

ShadeclothDensity
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Fig. 3. Age distribution of Table Mountain pines sampledir~
1999 in Iwo burn units on the Tallulab RangerDistrict, Chattz-
hoocheeNational Forest.Georoir.

rhizal root tips (40%)than seedlingsfrom sitesburned
at high intensities(22%). indicating a lasting negativ
impact of high-intensity prescribedfires. Laborator\
results were similar. showing that mvcorrhizal root’
tips are lesscommon afterfungi havebeenexposedto
temperaturesover 50 ~C and almost absentafter ex-
posureto temperaturesup to 80 ~C.Theseresultssug-
gestthat poor regenerationof Table Mountain pine in
the Tallulah burn after high-intensity burning could
havebeen causedby poor formation of mvcorrhizai
root tips. Frequentlow-intensityburning could be on~
meansof avoiding loss of mvcorrhizal fungi.

Dendrochronoiogv

Little is known about the disturbancehistory 01

Table Mountain pine stands. The speciesmay hav~
beenmaintainedby trequentlow- to medium-intensio
fires, infrequenthigh-intensitystand-replacingfires.m
a combination of both. The dendrochronologystu&
by Sutherlandet al. (1995) providesvaluable insiohi
to fire frequencyand standdynamicsfor oneViroini~
site. A similar study was done by Brose et al. (2002.
on the Tallulab,Buzzard’sRoost,andotherstudysites.
Coreswere extractedfrom overstorytrees andundet-
story trees and shrubs in two burn units in Georgia.
two in South Carolina. and one in Tennessee.

A preliminary analysis of standdynamics in th~
two Georgiaunits suggestsa history of frequent dm
turbancethat lasted until the 1950s (Figure 3). Pine’
in the dominantcanopyposition are between100 anc
158 years old. However, numeroussmaller pines am
between 50 and 100 years old. Shrubs, particularl\
mountain laurel, are <50 yearsold, and thereare nc
pinesyoungerthan 50 years.The frequencypattern01
pine ageclassesindicatesthatpines wereregenerating
from the I 850s through the 1 950s, and that thes~
standswererelatively open.Well-establishedfire sup
pressionpolicies in the I 950sallowed the shrublayei
to becomedominantand prevent continuingpine re-

‘-C

generation.Successfulrestorationof thesestandscan-
not be expectedwith a single prescribedburn of any
intensity.Multiple burnsor othercontrol methodswill
be required to remove shrubs and competing hard-
woods.

CONCLUSIONS
Thethreestudiesdescribedhere representthe first

attemptsto restoreridgetop pine communitiesin the
southern Appalachian Mountains with prescribed
stand-replacementfires. Suchfireshavebeenattractive
for a numberof reasons:theyprovidea meansof kill-
ing overstorytreesand openingthe forest floor to di-
rect sunlight; they provide the heat neededto open
serotinouscones;andthey reducethick duff layersor
exposemineral soil. However, noneof the fires ob-
servedin thesestudiesshouldbe consideredsuccessful
for replacing older standsof mixed pines and hard-
woods with newly regeneratedstandsof pines.Low-
intensity firesat Tallulah andBuzzard’sRoostandme-
dium-low-intensity fires observed in all three burn
units failed to kill more than a few overstorytrees.
High-intensity fires in one burn unit killed mostover-
story treesbut resultedin few pine seedlings.Medium-
high fires provid~d abundantoverstory mortality and
pine regeneration.However, fires of all intensities
failed to control competitionfrom hardwoodandshrub
sprouts.

Competition and shading from hardwoods and
shrubs that sprout after burning may inhibit the de-
velopmentof a pine-dominatedstand.Post-fire sprout-
ing occurredmorefrequently in hardwoodtreespecies
(red maple [Acer ,-ubrurn], chestnutoak, and scarlet
oak [Quercus coccinea])than in shrubspecies(moun-
tain laurel). The ability of TableMountain pine seed-
lings to competewith the regenerationof other species
is unknown. Frequentburning may be necessaryto
reducehardwoodsprout vigor.

The support studiespresentedhere provide indi-
rect evidencethat ridgetop pine communitiesmay be
restoredby frequent burning. The dendrochronoiogy
study shows that pines in study standswere uneven-
agedand hadregeneratedfrequentlyuntil the time of
fire exclusion.The seedbiology study suggeststhat a
viable seedsourceis presentovera wide rangeof tree
agesand in conesthat havebeenon treesfor up to 5
years. This study also shows that very young trees
produceviable seed,suggestingan adaptationto fre-
quent burning. Studiesof seedbedhabitat and mycor-
rhizal populations provide evidence that the severe
conditionsproducedby high-intensityburning are not
necessaryand may be detrimental to regeneration.
Moisture may be limited due to lack of mvcorrhizal
tips on roots, ioss of a mulchingeffect from the duff.
and direct sunlight reachingthe forestfloor. Moderate
levelsof shadewith someduff presentwere optimum
for seedling survival, both in the greenhouseand in
the field. Theseconditionsmay havebeencommonin
pre-1950sstandsthat burned often. Thick duff was a
barrier to seedlingdevelopmentin all field studiesbut
seedlingroots can penetrateduff up to 7.5 cm thick.
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CROWN FIRES AND TABLE MOUNTAIN PINE

The results presentedhere suggest that ridgetop
pine standswere createdby lower-intensityfires than
oncewerethoughtnecessary,and that suchfires would
aid in communityrestoration.Low-intensityprescribed
fires, which can be usedwhenthe lower layersof the
forest floor are moist, are less dangerousand present
a larger window of opportunity than high-intensit\
fires. Low-intensity fires also decreaseerosionpoten-
tial on steepslopesand lossof siteproductivity.

There is still much to learn aboutrestoringridge-
top pine stands.If seedlingscontinueto surviveamong
sproutcompetition,a singlemedium-high-intensityfire
may prove sufficient. However, these results were
drawn from studiesthat trackedseedlingsurvival and
overstory mortality for only onegrowing season.The
competitiveability of Table Mountain pine in young
standsis unknown. Additional researchalso is needed
to test fires in other seasonsand multiple low-intensity
burns. Such fires should be conductedso as to control
hardwood and shrub sprouting while maintaining
healthy overstory pines as a seed source. Physical.
chemical, andbiological propertiesof soils in ridgetop
stands arelikely to be affectedby regenerationburns.
These propertiesmay affect seedbedconditions but
they have not been studied. Finally, natural distur-
bancesother than fire may have played an historical
role in perpetuatingthis species:therefore.alteinative
managementstrategies,such as herbicides,may also
improve Table Mountain pine regeneration.
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